Objective : Several modalities are available for volumetric measurement of the intracranial aneurysm. We discuss the challenges involved in manual segmentation, and analyze the application of alternative methods using automatic segmentation and geometric formulae in measurement of aneurysm volumes and coil packing density.
INTRODUCTION
Endovascular coil embolization is well recognized as the standard treatment for most cerebral aneurysms. 4) It is considered safe and effective in preventing rebleeding after aneurysmal rupture.
2) However, development of coil compaction on follow-up is reported in approximately 20% of cases, and half of them require retreatment. 9) Coil compaction and aneurysm recurrence may be associated with a myriad of factors, of which the relationship between coil packing density (percentage of coil volume to aneurysm volume) and recurrence remains controversial. Conflicting opinions abound in the literature with no formal conclusion on the matter.
Currently, no one can deliver a reliable, easy method for calculation of aneurysm volumes; therefore, the issue of packing density remains unresolved. Manual segmentation of aneurysms for volume measurement is time consuming and labor-intensive, making this method, as the most accurate tool, undesirable for clinical application. Therefore, others have used automatic segmentation via the system software and application of simple geometric formulae as a substitute for a quick and easy reference.
The purpose of our study was to review and compare these alternative methods of aneurysm volume measurement and its application in clinical practice.
MATERIALS AND METHODS

Demographics
From February 2012 to July 2013, 46 aneurysms in 44 consecutive patients were treated with endovascular coiling (with or without stent-assisted technique) at our center. Retreated patients and those with incomplete image data were excluded. Hence we reviewed 38 aneurysms in 38 patients, of which 36 were ruptured aneurysms and two were unruptured. There were 23 male and 15 female patients with a mean age of 57 years (age range, 34-76). Six aneurysms were bi-lobed, and 32 were saccular.
Automatic segmentation by system software
Neck size, height, width, and depth were measured using three-dimensional rotational angiography (3DRA).
3DRA images were acquired using an angiographic unit (Integris Allura Neuro; Philips Healthcare, Best,
The Netherlands) and injection of a non-ionic contrast agent into an internal carotid artery or a vertebral artery. On a dedicated 3DRA workstation, the relevant cerebral vasculature was reconstructed and a three-dimensional "road-map" was acquired with a 256 3 matrix. The aneurysm, with its parent vessels was first identified (Fig. 1) and outlined individually by a neurosurgeon who specialized in angiographic neuro-intervention, as well as by the primary author, a radiologist, for the purposes of segmentation. The histogram was standardized to default settings to eliminate inter-observer variability of aneurysm size.
Next, using a "cut" tool provided by the workstation, the aneurysm was isolated from the parent vessels and related vasculature ( 3)
Calculation by geometric formulae
Geometric formulae were also applied for calculation of aneurysm volume. The shape of the aneurysm was first categorized according to "Sphere", "Ellipsoid", and "Bi-lobed". The mathematical calculations were as follows. The formulae of specific aneurysm configurations were defined as: "Spherical" volume equating to π/6 × diameter 3 ; "Ellipsoid" volume equating to π/6 × width × depth × height; and "Bi-lobed" volume equating to the addition of the volumes of each of the two individual "ellipsoid lobes".
Statistical analysis
Aneurysm volumes were dichotomized according to two groups; those with a volume of less than 54 mm 
RESULTS
Analysis of aneurysm volumes
The median aneurysm volume (mm 
Analysis of coil packing densities
The median coil packing density (%) by 3DRA was 
Limitations of mathematical formulae
Our study showed that there were a greater number of "small" aneurysms when geometric formulae were used as compared to automatic segmentation, although this underestimation was not statistically significant. More aneurysms were also categorized as 
Limitations of automatic segmentation
Due to the lack of 3DRA images prior to 2012 at our center, our retrospective analysis included a restricted 
